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Two staphylococcal protein-A signal sequences were constructed and tested for function in 
Escherichia coli, after being linked to human parathyroid hormone (hPTH) cDNAS representing the 
intact form (1-84 amino acids) and two N-tcrminal (1-37 and 1-7 amino acids) peptides. One 
signal sequence was identical to the wild type, and the other signal contained a deletion of 12 bp at 
the 3' end. The truncated hPTH cDNAs were fused at their 3' ends to IgG-binding domains (ZZ) 
derived from protein A in order to facilitate purification and characterization. The expression plas- 
mid pSPTH. containing the wild-type signal sequence, secreted efficiently the intact recombinant 
hPTH (1 -84) into the medium. Plasmids containing the truncated hPTH genes after the wild-type 
signal gave rise to hPTH~ZZ hybrid proteins which were correctly processed at die N-ierminal. 
but the major fractions appeared in the periplasmic compartment. In contrast, the plasmid pS'PTH 
which harboured the 4-arnino-acid signal deletion did not promote a uniform secretion of intact 
hPTH (1 -84) to the medium, but released a non-processed form both into the periplasmic compart- 
ment and to the medium. The related plasmids pS'PTH37ZZ and pS'PTHTZZ with the mutated 
signal sequence gave rise to small or trace amounts of unprocessed forms of fusion proteins in the 
medium and periplasm, thus the secretion competence was markedly reduced. Thus, for correct N- 
tcrminal processing, we conclude that the amino acid sequence in the signal adjacent to the ex- 
pressed protein, is a key determinant. However, release into the medium or periplasmic space ap- 
peared to be dependent also on protein folding, irrespective of signal-sequence cleavage. Further- 
more, we observed that the peptides with the wild-type signal sequence and correct N-terminal 
processing, were the only forms that showed internal cleavage of hPTH. Uncleaved signals may 
contribute to folding characteristics of the ensuing protein and e.g., prevent internal proteolysis. 



The molecular mechanism of protein export in Gram- 
negative bacteria is still poorly understood, although several 
specific and independent pathways appear to be used for the 
export of different proteins in a variety of such organisms 
(for a review sec reference [1]), 

Secretory proteins are usually synthesized as precursors 
containing an extra N-lcrminal extension termed the signal 
peptide [2-4]. During the translocation process the signal 
peptide is cleaved off at a specific site by a signal peptidase. 
In Escherichia coli the signal peptidases are located to the 
outside of the inner membrane [4] cleaving proteins that are 
secreted to the periplasmic space. Translocation of proteins 
tlirough the outer membrane to the extracellular medium is 
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very infrequent in this organism [5-7], However, cases have 
been reported where heterologous proteins fused to signal 
sequences are transported to the growth medium [8, 91. The 
mechanism for such translocation is at present largely un- 
known, as is the possible roJe of different signal peptide mo- 
tifs. 

Tn this work we compared the effects of two different 
signal sequences for translocation of three heterologous pep- 
tides that contained the N-terminal part of human parathyroid 
hormone (hPTH). When the natural signal sequence, which 
gave rise to a predominant medium localization of correctly 
processed hPTH(l -84), was mutated, a non-processed form 
was still released both to the medium and periplasmic space. 
In comparison, two truncated forms of hPTH cDNA, being 
C-terminally extended with a part of protein-A-coding DNA 
(ZZ, (10J), were correctly processed N-terminally if the wild- 
type signal was used, but appeared now mainly with a peri- 
plasmic )ocali2ation. However, with the mutated signal, even 
if proteins had an increased intracellular accumulation, they 
appeared unprocessed in the medium and periplasmic space. 
In addition to these observations, we found that the internal 
proteolytic cleavage pattern of the fusion proteins was depen- 
dent on whether N-terminal processing occurred. 
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MATERIALS AND METHODS 
Materials 

Restriction enzymes and other DNA-mctaboli/jng en- 
zymes were from New England Biolabs and were used ac- 
cording to the supplier's recommendations. ,M I-Antibodies 
were from Amersham Corp., and N-terminal-specific anti- 
PTH antibody was bought from CHIMICON. Synthetic 
hPTH(l -84) and hPTH(l -34) were from Sigma. Protein A 
(ZZ) and anri-protein~A "serum were gifts from KabiPhar- 
macia. Immobilon Poly(vinyIidene difluoride) transfer mem- 
branes were purchased from Millipore, non-fat dried rniJk 
was from Nestle* and molecular-mass standards were from 
Bio-Rad. 



Bacterial strains, plasmids, 
and recombinant DNA methods 

E. colt strains DH5, JMl03,HB101 andBJ5183 [11] (ob- 
tained from Dr F. Lacroutc, Centre de Genetique Moleculairc 
du CNRS, Gif-sur-Yvette, France) were used as bacterial 
hosts. 

Cloning of hPTH cDNA and the subcloning into plasmid 
pSPTH has been described previously [12, 13]. 

If not otherwise stated* recombinant DNA methods were 
performed according to Sambrook et at [14]. 

DNA sequencing was performed on plasmid DNA with 
Sequenasc (United States Biochemical Corporation) accord- 
ing to the supplier's manual. The synthetic linkers, oligomers 
for hybridization and the primers used for the DNA sequenc- 
ing (-CCTTTTGTAGACTTGAG- and -TCTGTGAGTGA- 
AA-) were synthesized with an automated DNA synthesizer 
(KabiPharmacia AB) as described [15]. 

Screening for production of protein A 

Screening for production of protein A was performed ac- 
cording to a modified version of the methods published by 
Helfman and Hughes [16] as described by Karcem et al. [17]. 

Purifiationof hFTH(l-S4) 

and ZZ-containing fusion proteins 

Recombinant hPTH(l-84) was concentrated and puri- 
fied by S-Sepharose chromatography, HPLC and poly- 
acryiamide-gel electrophoresis as described [13, 18]. Fusion 
proteins were purified from growth medium and cell extracts 
by affinity chromatography on fast flow TgG Sepharose 
(Pharmacia) [17J. Protein was quantified by means of the 
Bio-Rad protein assay system [l9 t 20]. 

Radioimmunoassay 

Radioimmunoassay of hFI*H was carried out as described 
[21], using an antiserum reactive against epitopes between 
amino acids 44 and 68 in hPTH. 



Polyacrylamide-gcl electrophoresis and immunoblotting 

SDS/PAGE, transfer of proteins to poly{viny!idene 
diflouride) transfer membranes, and staining of the mem- 
branes were performed as described (13, 17J. 

Antibody probing for hPTH(1 -84) was performed as de- 
scribed earlier [13]. For specific immunovisualization of the 
hPTH pan in the hybrid proteins containing ZZ tails, special 
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care had to be taken to avoid IgG-binding interference of the 
ZZ part Thus unspecific binding was blocked by incubating 
the filter in 3.5% human IgG in NaCl/Pj (136 mM NaCl, 
26 mM KC1, Na 2 HP0 4 2 HA 15 mM KH 2 P0 4l P H 7.3, ad- 
justed whh HC1) overnight at 37 °C For detection of the 
hPTH regions the N-terminal-specific rabbit anti-hPTH anti- 
body was used (dilution 1 : 1000), followed by incubation by 
an ^I-labelled anti-rabbit (Fab) 3 fragment Antibody incuba- 
tions, washes and autoradiography were performed as de- 
scribed by Towbin et al, [23]rFof detection" of ZZ, an ami" 
ZZ antibody (KabiPhannacia) was used (at dilution 1 : 1000), 
employing '"Mabelled anti-rabbit IgG (from donkey) as the 
secondary antibody. 



Densitometzic scanning 

Semi-quantitative results from scanning of autoradio- 
grams were obtained with Bio Image, Millipore system, 
showing linear increments within the working range used 
(0.2-20 pg protein). Different amounts of a standard 
hPTH(1 -34) fragment and standard ZZ protein were used 
for estimation of the recombinant hybrid proteins hPTH(l - 
37) and hPTH(l -7) -22, respectively. 



Amino acid sequence analysis 

N-terminal sequence analysis was performed on HPLC 
fractions or on protein bands isolated after separation on 
SDS/PAGE and transfer onto poly(vinylidene diflouride) 
transfer membranes [24], Sequences were determined on an 
Applied Biosystems microsequenccr (477 A). 



RESULTS 

Expression-plasmid construction 

The expression-plasmid construction is outlined in 
Fig. 1 A r and the expressed proieins are given in Fig. 1 B. In 
brief, plasmid pS'PTH with the entire hPTH cDNA (pre- 
viously referred to as pKP43PTH in [13]), has a four-ammo- 
acid deletion at the C-tcrminal end of the protein-A signal 
sequence, placing a Gly in the -1 position and a Pro in 
the -2 position relutivc'to the first amino acid of hPTH. To 
obtain the wild-type protein-A signal sequence positioned in 
front of the hPTH coding sequence, the plasmid pS'PTH was 
cleaved by Ava\IN$i\ and a synthetic oligonucleotide, 

-CCGGCTGCTAACGCTTCTGTGAGTGAAATACAGCTTATATGCA- 
GACGATTGC GAAG AC AC TC AC TTTATGTC G AATAT- 

was inserted between these sites to give the final expression 
plasmid pSPTH. The plasmids pSPTH37ZZ and pSPTH7ZZ, 
containing only the 5' 71 bp and 21 bp of hPTH cDNA, re- 
spectively, were constructed by removing the StyVXbal and 
NmVXbai fragments from pSPTH. Plasmids pS'PTH37Z2 
and pS'PTH7ZZ were made analogously by excision of the 
StyVXbyl and NsiVXbal fragments, from plasmid pS'FfH. 
Thus, the expression plasmids pSPTH3722, and . 
pS , PTH37ZZ contained hFrH cDNA encoding the first 37 
amino acid residues, while pSPTH7ZZ and pS 4 PTH7ZZ 
coded for only the first 7 amino acid residues (Fig. 1 B). fn 
these constructs the hPTH cDNAs were positioned between 
DNA coding for the promoter and signal sequence of Staphs 
lococcus aureus protein A and the ZZ-purt consisting of two 
IgG-binding domains [10). 
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hPTHd -84). containing tuii-iengtn nnn vim "»-» — v<vriiM -37S-2Z "where 2Z denotes tandem IgGJ 

St in Ae other fusion peptides. 2. pSFITOT^ expresses faster, [I^J™ , where the symbols are as in 2 and the 

52. of staphylococcal protein A. 3. f^^^SlSSi SS^tS&Jm and ZZ ^indicated by the horizontal 
numbers denote the N-urrninal am.ao J* h ^ ™ e . ^ indicated by vertical arrows, 
arrows and the inlcrnul proteolync cleavage sites observed (see text) art maica, y 



Positive clones transformed with these plasmids were se- 
lected by screening for the production of protein A (ZZ) as 
described above. The correct sequences of the expression 
plasmids were confirmed by DNA sequencing 
P OiseveralF-^«strains(JMl03,HB101.DH5.BJ5l83> 

tested BJ5183 gave the higest overall level of expression 
(data not shown), and this strain was therefore chosen for 
further studies. 



Analysis of expressed hPTH forms 
and their cellular localizations 

The production of bPTH in L. coli BJ51 83 transformed 
with the Plasmids pSPTH and pS'PTH, is shown in Ftg. 2- 
Eimal S prXtlon (sum of extracellular p*np ^ic 
intracellular amounts) of hPTH was about t mgj. It « 
^parent that the wild-type signal sequence was very efficient 
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Fig, 2, Total hPTH production and cellular distribution as a 
function of ail tun? density. Cells transformed with ihe expression 
plasmids pSPTH (A) and pS'PTH (B) were grown as described and 
the amount of hlTH-immunorcfictivc material in the intracellular, 
periplasmic. and medium fractions was determined hy radio- 
immunoassay [21 J. 'Ihc insert shows an increase in culture density 
(absorbance (Abs.) at 600 nm) as funclion of time. Mean values that 
differed by less than 23% from two experiments are shown. 



in translocating hPrH to the medium. At later stages of 
growth about 85% of the product was in the medium while 
periplasmic localization represented only 12% and the intra- 
cellular fraction less than 3% (Fig. 2 A). In contrast, ihc mu- 
tated signal sequence caused hPTH to remain partly intracel- 
lular (15-20%) and in the periplasm (30-60%-). so that only 
25-40% was released to the medium (Fig. 2B). With the 
mutated signal sequence the total amount of hPTH produced 
was reduced to about 50% (about 0.5 mg/1). The relative dis- 
tribution and amounts of hPTH obtained with these two dif- 
ferent constructs have been summarized in Table 1. 

The total amount of lgG-affiiuty-purified fusion protein 
expressed by plasmid pSPTH37ZZ as measured by densito- 
raetric scanning of immunoblots (using nnti-ZZ antibody) 
was up to about 13 mg/1 and at least 20-fold greater than 



Table 1. Cellular distribution profile and production efficiency 
of hPTH peptides expressed by different expression plasmids. 
For details, sec text. Percentage of total producdon: + + + + +, 
about 85%; ++ + +, >50%; + ++, <40%; ++, about 25%; and 
+, about 12%. 



Plasmid 



Distribution of peptide to 



nof 


"naine 


medium^ " 


~ periplasm" 


intracellular 


1 


pSPTH 


+ + + + + 


+ 


(trace) 


2 


pS'PTH 


+(+) 


+(+) 


+• 


3 


pSPTH3722 


(+) 


+ + + 


+ + + 


4 


pS*PTH37Z2 


(trace) 


(irace) 


(+) 


5 


pSPTH7ZZ 


+ + 


+ + -T + 


+ 


6 


pS'PTH7ZZ 


(trace) 


( + ) 


(+) 



that expressed by the corresponding plasmid pS*PTH37ZZ 
(O.t mg/1) (Fig. 3). The cellular distribution of hPTH-ZZ fu- 
sion forms observed with these two constructs were distinctly 
different (fig. 3 f Table 1). The fusion proteins expressed by 
pSPTH37ZZ were secreted to the periplasmic space 
(>50%), although a substantial amount (<40%) was also 
retained intracellularly (Fig. 3 A) In contrast, products with 
the mutated signal 'sequence (pS'PTH37ZZ) showed a 
marked translocation block with more than 90% remaining 
intracellular at peak production (Fig. 3B). 

For quantification of IgG-affinity-purified fusion proteins 
expressed by constructs pSPTH7Z2 and pS*PTH7ZZ, we 
scanned immunoblots with anti-2IZ serum (Fig. 4). Using 
pSPTH7ZZ we observed a major localization of the fusion 
protein (>90% correctly processed) to the periplasmic frac- 
tion (50-75%) with a peak production of approximately 
1.2 mg/1. About 20-40% of the products appeared in the 
medium (Fig. 4 A). In contrast, expression by pS'PTH7ZZ 
(Fig. 4) resulted in about 50% of unprocessed hPTH(l-7)- 
ZZ remaining intracellularly, a corresponding amount being 
released to the periplasmic space, and only a trace amount 
appearing in the medium (Fig. 4B). The total amount of fu- 
sion protein expressed by the .signal-mutated pS'PTFHZZ 
was again only about 10% (0.13 mg/1) of that produced by 
the same gene construct with the wild-type signal (1.2 mg/1; 
Fig. 4 and Tabic 1). 

In sumraarv, the hPTH-ZZ hybrid forms with the wild- 
type signal sequence in hPTII(l -37)-ZZ and hPTH(l-7)- 
ZZ showed an efficient translocation to the periplasmic space 
and also, to a small degree to the medium (Figs 3 A and 4 A). 
The two mutated sign&l-sequence-fusion-gcnc constructs 
demonstrated both a block in secretion and markedly reduced 
production efficiencies (Figs 3B and 4B). 

Characterization of the hPTH-related 

expression products hPTH forms secreted by E. call 

transformed with pSPTH and pSTTH 

Intact hPTH(l -84) and related secreted forms, were con- 
centrated by S-Septiarose chromatography and purified as de- 
scribed in Materials and Methods. Identification and charac- 
terization of the hPTH molecular species were performed by 
SDS/PAGE and immunoblotting using a mid-rcgion-specific 
hPTH antiserum, and by amino acid sequence analysis. 

In the medium fraction of cells transformed with pSPTH, 
four major hPTH-relaied peptides migrating at 13.4, 9.5, 6.0 
and 5.5 kDa were observed (Fig. 5 A). The major peptide 
species of 9.5 kDa, migrated w»th the hPTH standard and, 
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Fig. 3. Total production and cellular distribution of hPTH- 
(I-37)-ZZ-rdated fusion protein as a function or culture den- 
sity. Cells transformed with expression plasmids pSPTH37Z7« (A) 
and pSPTll37ZZ (B) were grown as described, and the amoum of 
ZZ-contaijiing fusion proteins in the intracellular, periplasms and 
rnedium fractions were determined by scanning immunoblots. The 
insert shows culture density labsorbance (Abs.) at 600 nmj as a 
function of lime. Results from one of three typical experiments, are 
shown. The inter-cxperirncnial variation was less than 24%. 



as judged by amino acid sequence analysis, represented the 
correctly processed mature hormone. The major degradation 
product of 6.0 kDa was found to contain the sequence E W 
LRKKLQ corresponding to amino acids 22-29, thus 
identifying it as an hPTH C-terminal fragment resulting from 
proteolytic cleavage between amino acids Val21 and Giu22 
(Fig. IB). The faint band at 13.4 kDa gave both N-tcnninal 
and mid-reglon-spccific immunoreaction, but was not char- 
acterized further. 

pcriplasmic fractions of the same culture also revealed 
four major hPTH-rclated peptides, migrating at 14.5, 9.5, 6.5 
and 6.0-5.5 kDa (Fig. 5A). The largest of these peptides 
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Fig. 4. Total production and cellular distribution of hPTH- 
(l-7)-ZZ fusion protein as a function of culture density. Cells 
transformed with expression plasmids pSPTH722 (A) and 
pS'PTHTZZ (B) were grown as described, and the amount of ZZ- 
immunoreativc material in the intracellular, pcriplasmic and medium 
fractions were determined by scanning of immunoWots. The insert 
shows culture density [ebsorbancc (Abs.) at 600 nm] as a function 
of time. Data from one of three lypical experiments, is shown. The 
imer-expcrimemal variation was less than 26%. 



presumably represent hPTH with an uncleaved signal se- 
quence since we could not resolve the sequence, probably 
due to blockage of the N-terminal by the translation-initiating 
Af-formyl-methionine. The 9.5-kDa polypeptide again repre- 
sented correctly processed hPTH. Degraded forms were also 
observed in the periplasm with a major fragment of 5.5 KDa, 
.similar to that appearing in the medium. 

In £ coli transformed with pS'PTH, the dominating pe- 
riplasms hPTH form was a protein of R5 kDa migrating 
with the higher-molccular-mass species produced by pSPTH 
and probably representing hPTH with an uncleaved signal 
sequence (Fig. 5B). Attempts to sequence this band proved 
futile, probably due to N-terminal blockage (see above). The 
faint band at 6.2 kDa was not characterized further (Fig. 5). 
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Fig. 5, Immmioblot analysis of hPTH secreted by exponentially 
growing £. ccU transformed with pSPTH and pS'PTH, From 
exponentially growing cells the medium and pcriplasmic fractions 
wens prepared as described The fractions from 1 I culture were con- 
centrated by freeze/drying and dissolved In 100 ul loading buffer, 
and different amounts were applied on the gel. The relative positions 
of molecular mass standards are indicated. (A) 4*days-cxposcd 
autoradiograph. Lane 1, medium (5 ul) and; lane 2. periplasmic frac- 
tion (5 ul) from cells transformed with pSPTH. (B) Two-weeks ex- 
posed autoradiograph. Lane 3, pcriplasmic fraction (30 ul) from 
cells transformed with pSlTH included for comparison; lane 4. 
hPTH standard (0.250 ug); lane 5, pcriplasmic fraction (100 pi) 
from cells transformed with pS , PTH. 
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Kte.6. SDS/PAGE analyses of secrvtctl hPTH-reJated peptides 
from £. cqU transformed with pSPTIOTZZ and pSTTH37ZZ. 
From exponentially growing cells the medium and periplasmic frac- 
tions were prepared as described. Secreted proteins were purified 
by IgG-afflnity chromatography. The cluates from the IgG-affinUy 
purification were lyopbyli>.ed, the pelfcts from 1-1 cultures were dis- 
solved in 100 ul of the loading buffer (22J. Secreted peptides were 
analysed by Coo mas sic staining. Lane* 1 and 4 represent molecular- 
rnass standards. Lanes 2 and 3 represent pcriplasmic and medium 
fractions, respectively, from Cells transformed with pSFTH372Z 
(applied amount 2.0 ul ; 2% of the total culture); lanes 5 and 6 con- 
tain medium and pcriplasmic fraction* from cells transformed with 
pS'FTrDTZZ (60 applied, representing 60% of the culture). 



Analysis of hPTH-ZZ hybrid proteins 
in different cellular compartments 

Medium and periplasmic fractions from cells containing 
the plasmids pSPTH37Z2, p$PTH7ZZ, pS*PTH37ZZ and 
pS'PTHTZZ were collected in the late-exponential growth 
phase and the ZZ-containing proteins were purified by IgG- 
affinity chromatography, analyzed by SDS/PAGE and visual- 
ized by Coomassie staining (Figs 6 A and 7) and by immti- 
noblotting using an N-lcrminal-specific antiserum (data not 
shown). These fusion proteins were further identified by 
amino acid sequence analysis. 

Samples from the medium of cells containing 
pSPfH37ZZ showed two major ZZ hybrid proteins migrat- 
ing at 14 kDa and 15 kDa, and a minor species of 15.5 kDa. 
In addition two fainter bands migrating at 1 9 kDa and 22 kDa 
could also be observed (Fig. 6 A). The periplasmic fraction 
from the same cell culture also contained a stronger band at 
19 kDa (Fig. 6A). Tn both lanes 2 and 3 of Fig. 6A wc also 
observed three very faint bands migrating in the 24-28-kDa 
range. Immunoblotting of a parallel filter showed a main pe- 
riplasmic inimunoreactive band migrating at 19 kDa, the 
theoretically estimated value for the hPTH(l-37)-ZZ 
polypeptide (data not shown). Amino acid sequence analysis 
con finned this protein to he correctly processed hPTH(1- 
37) -ZZ. The sequence obtained for the 15-kDa band, X K 
L Q V H N F, revealed it to be a C-terminal fragment of 
hPTH(l-37)-ZZ where proteolytic cleavage had occurred 
between Arg25 and Lys26 (Fig. 1 B). The sequence XXX 
QHNEAVNNKF obtained for the 14-kDa band corre- 
sponded to amino acids +40 to H 53, i.c. in the ZZ part of 
the fusion protein, with cleavage occurring between Arg39 
andCly40(Fig.lB). 

For cells transformed with pS*PTH37ZZ a totally dif- 
ferent migration pattern was observed (Fig. 6). A major me- 
dium-fraction band migrating at 24 kDa corresponded to 
PTH(l-37)-ZZ with an uncleavcd sequence a* judged by 
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Fig. 7. Analysts of secreted hPTH species from li. coti trans- 
formed with pSPTH7ZZ and pS'PTH7ZZ, The hPTH-ZZ fusion 
products found in the medium and periplasm were compared after 
harvesting of exponentially growing cells, and preparation as de- 
scribed. The proteins were purified using IgG-afTinily columns. The 
cluflies from the IgG-affinity purification were lyophylized, the pel- 
lets were dissolved in 100 ul loading buffer and applied to a 15% 
SDS/polyacrylamide gel. The pept" 1 ** and protein markers were vis- 
ualized by Coomassie staining. I-ane 1, molecular-mass standards. 
Lane 2, ZZ standard (0.75 ug). J-anes 3 and 4. medium and periplas- 
mic fractions from cells transformed with pSfTrHZZ (2 ul applied, 
representing 2% of the culture). Lares 5 and 6, medium and pe- 
riplasmic fractions from cells transformed with pS*PTH7ZZ (40 ul 
applied, representing 25% of the culture). 



SDS/PAGR mobility (Fig. 6) and N-terminal-speciflc hPTH 
immunoreactivity (data not shown). We could not sequence 
the 24-kDa band, probably due to the same reason as stated 
above. Fainter bands were observed migrating at 14, 25, 27 
and 29 kDa. The periplasmic fraclion contained fainter bands 
migrating at 24 kDa and 14 kDa tfng. 6). 

finally, hybrid proteins produced by cells transformed 
with pSFJWZZ and pS'PTH7ZZ were compared (Fig. 7). 
The predominant protein expressed by pSPTWZZ (migrat- 
ing at 15 kDa) seemed to have been efficiently processed and 
secreted to the periplasm (Fig. 7), negligible amounts were 
seen both in the intracellular fraclion and in the medium. In 
the sequence obtained, SVSElQLTRGSXIi, amino 
acids 1-7 represent hPTH, while 8-13 correspond to the N- 
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P Jilm ftSSn (R«7 and 1 B). However, two bands were 
WkSXd" kDa (Fig. 7) fa. the periplasm* 
SStThe 18-kDa band could represent an 
K of hybrid protein, since again we were not able to se- 
quence this band. 



DISCUSSION 

Escherichia coli normally secretes very ft* pi* eins to 
the Erowth medium [26] and the general molecular mecta- 
S ms fo such secretion are largely unknown. Although the 
nCein-A signal sequence works well in E. col, in itself it 
SS noT generally translocate proteins to the growth mc- 
S, since the rubral protein A. as well as a .ft»H».lo jdka- 
fiTphSphatase. translates only to the ***** gg 

271 Our results show that a large fraction (more than 85%) 
Lf L immunireaciive hPTH is secreted to the growth me- 
S£5£ «*g the plasmid ftffT^JfjgfW, 

protein-A signal sequence placed in front of hPTH(l 84) 

^'comparison, the fusion proteins which are , cxpre*ed 
bv OSFTH37ZZ and pSFTH7ZZ where the pro em A mo ety 
i 'S* l £**y cad rf hPTH cDNA mainly accumulate 
t SStotata space. However, these smaller bPTH frag- 
metSh awaked to the ZZportion are also, to acertain 
SeVre leased to the medium, provided that a correct N- 
?A™i^ a l cleavaw occurs. These results demonstrate an imer- 

cal proS-A *& sequence regarding secretion of Mr 
rivTw-H ^moared to the truncated fusion forms 
^l^-S?!ffhVra(l-7)-ZZ. Compared to the 
fuXgth bVm(l-84) the translocation ^""gj 
fusion forms to the medium was less efficienL The result 
reSii- toe intact hPTH is also consistent with a possible 
ffli of N-ierminal sequence for efficient transit** 
dSX rnedil provided *at the signal is correctly pro- 

^Works by motive et si. [28], and others [29. 301 employ- 
ing Sffl i Mutagenesis have indicated Oat : s^cwral 
Sties other than the preferred ^^^^S- 
»ee site may play an unnortant role in determining signal 
™icc cKage. e.g.. the folding influence of the signal 
Si or foe sSretedprotein |28. 30-33]. It has been sug- 
Sd 134] ftat the ensuing translocation of the nascen 
SDCPtidc to the periplasm Is dependent on the removal of 
ffcKed P ~tem from the signal-sequenee/pepUdase > con> 
£ results that are consistent with our findings using the 
™ oS'WhZZ constructs. However, the directdemonstra- 
Z Sat uncteaved signal sequence in the pS'PTH construct 
SiSfion competent, indicates that other mechaa.sms 

™ tl mSJetsignal sequence in front of the truncated 
hPTH with a 72. tail results in a minimal release to the pe- 
riolimic compartment, probably due to secretion .ncompe- 

E comparison. ^i^Sf 1 ^.T3£ 
■ion of correctly processed hPTH( 1- 37) -ZZ using me wiiu 
Tc siS in PSPTH37ZZ may primarily be due to high 
• expression levels exceeding the secretory capac.ty of the L, 

™''The St oreservaiion of the signal sequence in theprotcins 
,™2te§ *y plasmids P sWh pS'PTH37ZZ and 
Js'PTH?7Z are mainly in accordance with the rules of von 



Helinc [3] regarding signal cleavage, since the appearance ;of 
a pSfine rescue at position -2 can be expected to inhibit 
nrScesvTnc at the nornYal site [35] (before the first ammo acid 
53tH? There is a potential cleavage site also at position 
+3 of hPTH. but this site is apparently not used. Unlike the 
si sequence of hPTH [34] the mutated signal sequence 
oSritSJ A is however able to translocate meunprocessed 
SpTH S the periplasmic space and medium. This uidicates 
-dm me hPTriprepropart mblht.cgi^n^cjur es that m 
some way may act as a membrane anchor in E. coU. 

A general finding irrespective of the constiucB em- 
ployed, is that if the signal pepude .s not cleaved off the 
Eg protein, a relatively larger fraction taeaUw ins£ 
the cells Recent analyses [36] have suggested that some 
secrcS ^polypeptides may become secretion incompetent if 
S3 tofold into a native-like conformation pnor to mem- 

^Nofo'Sy'S'u appear that processing and secretion are 
inteSpSmThenomeDa. but also ttat degradation ism 
Ss partly a function of processing. The unnrocesse^ I form 
of me fusion protein somehow avoids such proteolytic attack, 

of the uncleavcd W 
folding which makes these sites onaccessible » 

In conclusion, these results and the «odd consmwtt em- 
ployed have given novel information regarding factors and 

Knisrns Sponsible fot ^ h ^ a "^d« P re 
through the inner and outer membranes of £. coll and rcpre 
«mt a nromising basis for further cvaluauon regarding the 
lmpa?t P o?pTote?n fSing as a discriminant factor ,n protett. 
export from prokaryotic cells. 



The sequence analysi. was P**"^*' Dr Knut 

nomtc support from ™ ^'an ""^^a k m , q. has re- 

don of See. and Rakhel and Ot.0 Kr. I B™» »W 0sK Nor - 
w B ". and also from Pederscn aad Sunn, Oslo. Norway. 
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